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(57) [Abstract] (With Revisions) 

[Object] To present high-strength copper alloys used in molds for 
plastic molding that are easy to produce and have high strength at high 
temperatures and excellent heat conductivity. 

[Structure] These copper alloys are characterized in that they contain 
0.1 - 1 .5 wt% Be and 0.001 to 3.0 wt% of one or two or more from the group 
consisting of Zn, P, Sn, As, Cr, Mg, Mn, Sb, Fe, Co, Al, Zr, Ti, Ag, Pb, B, Ni, Si, 
and lanthanide series elements as auxiliary components, with the remainder 
consisting of Cu and unavoidable impurities. It is also characterized in that after 
hot forging, the copper alloy is solution-annealed at 600°C or higher, it is cooled 
at a cooling rate of 1°C/second or faster, [the product] is cold worked to a draft of 
20% or higher, and then aging treatment is performed at 250 to 500°C. 
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[Scope of Patent Claims] 

[Claim 1] A high-strength copper alloy with high heat conductivity used 
in molds for plastic molding, characterized in that it contains 0.1-1.5 wt% Be, 
with the remainder being Cu and unavoidable impurities. 

[Claim 2] A high-strength copper alloy with high heat conductivity used 
in molds for plastic molding, characterized in that it contains 0.1 - 1.5 wt% Be 
and 0.001 - 3.0 wt% of one or two or more of the group consisting of Zn, P, Sn, 
As, Cr, Mg, Mn, Sb, Fe, Co, Al, Zr, Ti, Ag, Pb, B, Ni, Si, and lanthanide series 
elements, with the remainder being Cu and unavoidable impurities. 

[Claim 3] A method for producing high strength copper alloys with high 
heat conductivity used in molds for plastic molding, characterized in that after hot 
forging the copper alloys in claims 1 and 2, solution annealing is performed at 
600°C, [the product] is cooled at a cooling rate of 1°C/second or faster, then cold 
working is performed at a draft of 20% or more, and aging treatment is performed 
at 250 - 500°C. 

[Detailed Description of the Invention] 
[0001] 

[Industrial Field of Use] 

The present invention pertains to copper alloys used in molds for molding 
plastics that have particularly high strength and heat conductivity and a method 
for their production. 

[0002] 
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[Prior Art] 

Iron and steel materials and copper alloys are often used as the materials 
for molds for molding plastics, but there is a demand for mold materials with high 
heat conductivity in order to curtail the molding cycle time. Problems with these 
materials include disadvantages in that although iron and steel materials have 
excellent high-temperature strength, they have low heat conductivity and the 
temperature gradient from inside to outside the mold is large and therefore, the 
mold readily cracks and service life is short. Moreover, copper alloys have a 
disadvantage in that they do have high heat conductivity, but their strength is 
insufficient and therefore, deformation readily occurs under compressive stress 
during plastic molding. The addition of metal elements in order to improve 
strength has been considered, but there is generally a problem with the addition 
of metal elements in that there is a reduction in heat conductivity and the molding 
cycle is prolonged. 

[0003] 

[Problems to be solved by the invention] 

Thus, at the present time the object is how to shorten the molding cycle of 
the product in order to improve productivity, and there is therefore a demand for 
materials for molds that are of high strength, have high high-temperature 
strength, and have high conductivity. 

[0004] 
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The properties required of materials used in molds for molding plastics are 
high strength, excellent high-temperature strength, and excellent heat 
conductivity. 

[0005] 

The present invention is in light of these points, its object being to present 
a material that is easy to produce and has high strength, high strength at high 
temperatures, and excellent heat conductivity. 

[0006] 

[Means for solving problems] 

The copper alloys used in molds for molding plastics of the present 
invention are characterized in that in order to accomplish the above-mentioned 
object, they contain 0.1 - 1 .5 wt% Be and 0.001 - 3.0 wt% of one or two or more 
of the group consisting of Zn, P, Sn, As, Cr, Mg, Mn, Sb, Fe, Co, Al, Zr, Ti, Ag, 
Pb, B, Ni, Si, and lanthanide-series elements, with the remainder being Cu and 
unavoidable impurities. Moreover, it is also characterized in that after hot 
forging, the copper alloy is solution-annealed at 600°C or higher, it is cooled at a 
cooling rate of 1°C/second or faster, [the product] is cold-worked to a draft of 
20% or higher, and then aging treatment is performed at 250 to 500°C. 

[0007] 

The copper alloys for molds for molding plastics of the present invention 
will be described in detail below: Be is an element that improves strength without 
reducing conductivity because it precipitates in the Cu during the aging treatment 
that is performed after solution annealing. 
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[0008] 

The amount of Be added is set at 0.1 - 1 .5 wt% because if it is less than 
0.1 wt%, the required strength is not obtained, while if the Be content exceeds 
1.5 wt%, there will be marked deterioration of conductivity. Therefore, the upper 
limit of the Be content is set at 1 .5 wt%. 

[0009] 

In addition, the auxiliary components Zn, P, Sn, As, Cr, Mg, Mn, Sb, Fe, 
Co, Al, Zr, Ti, Ag, Pb, B, Ni, Si, and lanthanide-series elements are elements that 
will precipitate in the Cu or form a solid solution to improve strength. The amount 
added is set at 0.001 - 3.0 wt% because if it is less than 0.001 wt%, there will be 
no effect while if it exceeds 3.0 wt%, strength will improve, but there will be a 
marked reduction in conductivity and manufacturability will also deteriorate. 

[0010] 

Furthermore, the solution-annealing treatment temperature is set at 600°C 
because solution annealing is insufficient at temperatures lower than 600°C and 
a material of high strength will not be obtained by the subsequent ageing 
treatment. The rate at which cooling is then performed is set at 1°C/second or 
faster because if the cooling rate is slower than 1°C/second, precipitation of the 
Be will occur and moldability will then deteriorate. 

[0011] 

The cold drawing that is then performed at a draft of 20% or more is 
conducted in order to improve strength. The target hardness is not obtained [if 
drawing is performed to] below 20%. Moreover, the reason why aging is 
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performed at 250 - 500°C is because if it is performed at a temperature below 
250°C, it will take too much time to obtain the target strength, while if aging is 
performed at a temperature exceeding 500°C, the amount of Be that precipitates 
is small and sufficient hardness and heat conductivity will not be obtained. 

[0012] 

[Examples] 

Next, the results of evaluating the high-strength copper alloys with high 
heat conductivity used in molds for plastic molding of the present invention will be 
described with comparative alloys. 

[0013] 

The alloys with the components in Table 1 were hot forged and then 
shaved to a thickness of 20 mm. Then solution-annealing treatment was 
performed as appropriate. [The materials] were then cold drawn and aged. 

[0014] 

Test samples were taken from the materials obtained in this way for 
tensile tests, Charpy impact tests, and heat conductivity determinations. 
Moreover, the results of determining the properties of each alloy at room 
temperature and 300°C are shown in Table 1. 

[0015] 

[Table 1] 

[0016] 

As is clear from Table 1, it was found that in contrast to the fact that the 
alloys of the present invention have good high-temperature strength, heat 
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conductivity, and impact resistance, Comparative Alloy No. 12 was solution- 
annealed at too low a temperature and sufficient strength was not obtained and 
impact resistance was also low. Moreover, the cooling rate of No. 13 was slow 
and sufficient strength and sufficient strength and impact resistance were 
similarly not obtained. Moreover, the cooling speed of No. 13 was slow and 
sufficient strength and impact resistance were similarly not obtained. Similarly, 
the cold draft of No. 14 was too low and therefore, sufficient strength and impact 
resistance were not obtained. Furthermore, the aging temperature was low with 
No. 15 and even when aging time was long at 10 hours, sufficient strength and 
impact resistance were not obtained. On the other hand, aging temperature was 
too high with No. 16 and therefore, there was too much Be in the form of a solid 
solution and consequently heat conductivity was low. Furthermore, there was 
little Be in No. 17 and therefore, sufficient strength and impact resistance were 
not obtained. In addition, there was too much auxiliary component in No. 18 and 
therefore, strength and impact resistance were sufficient, but heat conductivity 
was low. 

[0017] 

[Results of the Invention] 

The alloys of the present invention that were previously described have 
high strength and excellent high-temperature strength and impact resistance. 
Moreover, heat conductivity is high and therefore, a major result is that 
improvement of productivity can be expected because the required time for 
molding plastics can be greatly curtailed. Furthermore, by means of the 
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production method of the present invention, solid annealing is sufficient and 
materials of high strength are obtained by the subsequent aging treatment. 
Moreover, materials for molds for molding plastics with good workability are 
obtained. Furthermore, because cold drawing is performed at a draft of 20% or 
higher, the targeted high hardness is easily obtained. In addition, aging 
treatment is performed at 250 - 500°C and therefore, sufficient strength and heat 
conductivity were obtained. 
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